Ribonucleic acids of known specific activities were separately prepared from hamster cells transformed by polyoma, simian virus 40 (SV40), and adenovirus 12. When increasing amounts of these labeled ribonucleic acids were added to nitrocellulose filters containing immobilized 14C-hamster deoxyribonucleic acid (DNA) (10, 11, 17, 21, 26) . Characteristically distinct histopathology has been described for tumors induced by different oncogenic agents (5, 7). These oncogenic viruses produce transformed cell lines that can also be distinguished immunologically (8, 18, 19, 20, 22) .
Polyoma, simian virus 40 (SV40), and several of the adenoviruses (Ad) are all capable of either transforming hamster cells in vitro or inducing the formation of transplantable tumors in vivo (10, 11, 17, 21, 26) . Characteristically distinct histopathology has been described for tumors induced by different oncogenic agents (5, 7) . These oncogenic viruses produce transformed cell lines that can also be distinguished immunologically (8, 18, 19, 20, 22) .
Virus-like deoxyribonucleic acid (DNA), first detected in polyoma-induced tumors (2) , has also been found in cells doubly transformed by SV40 and Ad7 (3) . Recent reports have described viruslike ribonucleic acid (RNA) present in cells transformed by each of the three types of oncogenic viruses (1, 4, (13) (14) (15) 25) . The tion mixture of radiolabeled RNA in 0.25 ml of 4X SSC previously preincubated at 68 C for 30 min. All reactions were carried out at 68 C for 16 to 20 hr. After incubation at 68 C, the filters were eluted in three changes of 4X SSC at 68 C using the "tea bag" technique described by McCarthy and Hoyer (23) . The filters were then dried and counted. Elution of nonhybridized RNA from the filters was carried out in 4X SSC at 68 C. At this temperature, in 4X SSC, the initial signs of thermal denaturation of the DNA-RNA hybrid were observed (Fig. 1) . Treatment of the DNA-RNA complex with pancreatic ribonuclease after the usual elution procedure resulted in less than a 10% reduction in the amount of "bound" RNA (Table 1) . For this reason, enzymatic treatment as the sole criterion of hybrid formation was discarded in favor of the simpler and more convenient tea bag elution procedure. Less than 0.005% of input RNA reacted with filters containing no DNA.
Labeled RNA preparations were enriched for DNAlike RNA by recovering hybridized RNA and reincubating it with a second DNA filter. For this purpose, A 25-mm filter containing 100 ,ug of immobilized Syrian hamster polyoma tumor DNA was incubated at 68 C with 10.4 ,ug ofpolyoma-transformed cell RNA, pulse-labeled with 3P, in 0.5 ml of 4X SSC. The fiter was removed from the reaction mixture after 20 hr, extensively washed in 4X SSC at 50 C in a tea bag, and then exposed to 4X SSC (0.78 M Na+) at the indicated temperatures for 10-min intervals in a thermostatistically controlled water bath. RNA, eluted from the filter at each temperature, was precipitated with trichloroacetic acid in the presence of 80 ,ug of yeast RNA per ml, and was counted. filters measuring 25 mm in diameter and containing 75 to 100 jAg of DNA were incubated in screw-capped scintillation vials containing labeled RNA in 0.5 ml of 4X SSC. After the usual elution (68 C), the filters were exposed successively to 76, 85, and 92 C in 4X SSC in a thermostatically controlled water bath. Following precipitation with ethyl alcohol, electrophoretically pure deoxyribonuclease (50 jig/ml) was added in the presence of 0.002 M MgCl2 and 0.01 M sodium acetate (pH 5.2), and the preparation was incubated for 6 hr as described above. The "enriched" RNA was treated with self-digested Pronase (50 ,ug/ml), deproteinized with phenol, and then applied to a Sephadex G-100 column equilibrated with 0.1 M NaCl. The RNA present in the excluded fraction was collected and used directly in hybridization experiments. The addition of deoxyribonuclease is essential to eliminate the DNA which leaches off the nitrocellulose filter during the enrichment procedure. Failure to include this step results in RNA preparations possessing affinity for "blank" filters.
It should be emphasized that all labeled RNA was prepared from transformed cells in tissue culture. Unlabeled RNA, used in competition-hybridization experiments, was prepared from Syrian hamster tumors induced in vivo by polyoma, SV40, or Adl2.
RESULTS
Qualitative comparison of transformed cell RNAs. The types of Syrian hamster RNA present in cells transformed by polyoma, SV40, and Adl2 viruses were examined in a series of competition-hybridization reactions. When unenriched 32P-pulse-labeled transformed cell RNA was used as the indicator, polyoma, SV40, and Adl2 transformed hamster cell RNAs were virtually indistinguishable by competition-hybridization. The transformed cell RNAs, however, could be readily distinguished from an excess of unlabeled hamster liver and mouse polyoma tumor RNA also added to the same system.
Greater discrimination among the three Syrian hamster transformed cell RNAs was achieved by using labeled RNA enriched by prior cycle of DNA-RNA hybridization. An excess of unlabeled RNA from an Adl2-induced hamster tumor was not as efficient as unlabeled polyoma or SV40 tumor RNA in reducing the binding of enriched 32P-labeled polyoma-transformed cell RNA to polyoma-transformed cell DNA (Fig. 2) . Polyoma-transformed cell RNA was never discriminated from SV40-transformed cell RNA in any competition experiment.
Quantitative comparisons of transformed cell RNAs. DNA-RNA saturation reactions were carried out by adding increasing amounts of 32P-(randomly)-labeled RNA to a series of 7-mm nitrocellulose filters containing 0.18 to 0.22 ;tg of 14C-labeled Syrian hamster DNA. In each case, the 32P-RNA was prepared from transformed cells in tissue culture exposed to 32P_ orthophosphate for 72 to 96 hr. At the conclusion of each experiment, the extent of DNA saturation could be calculated by dividing the quantity of 32P-transformed cell RNA hybridized by the amount of "4C-DNA present on a particular nitrocellulose filter. Filter blanks, containing no DNA, were included in each of the reaction mixtures, and the RNA backgrounds were subtracted in each case. Figure 3 shows the results of a DNA-RNA saturation experiment employing randomly labeled 32P-polyoma-transformed cell RNA. used. Figure 4 depicts a similar saturation experiment performed with randomly labeled 32P-SV40 transformed cell RNA. Again, about 4 to 5% of the Syrian hamster DNA sites are occupied by this excess of RNA. When increasing amounts of randomly labeled 32P-Adl2-transformed cell RNA were added to the same system, a slightly higher saturation value (5 to 6%) was observed (Fig. 5) .
Although the saturation values obtained with these three transformed cell RNAs all fall in the same numerical range, these experiments do not indicate whether identical DNA sites are involved in each of the three preceding experiments (Fig. 3 to 5) . To and monitored for hybridized "2P-SV40-transformed cell RNA. Two filters were transferred to a reaction mixture containing 4 X SSC and incubated at 68 C for 20 hr. The remaining 10 filters, containing '4C-Syrian hamster DNA-32P-SV40-transformed cell RNA hybrids, were added to reaction mixtures, containing increasing amounts of randomly labeled 3H-polyoma-transformed cell RNA, and were incubated for 20 hr at 68 C. All filters were washed in 4 X SSC at 68 C, dried, and counted in a model 4000 Packard scintillation counter set up to simultaneously monitor 3H, 14C, and 32p. Less than 5% of the 32P-SV40-transformed cell RNA came off the filter during the second hybridization reaction with 3H-polyoma-transformed cell RNA. Hamster DNA can react with polyoma-transformed cell RNA even in the presence of saturating amounts of SV40-transformed cell RNA (Fig. 6) . In a separate experiment, increasing amounts of homologous transformed cell RNA (SV40) labeled with 3H-uridine were added to filters already saturated with 32P-SV40-transformed cell RNA. No reaction of the 3H-SV40-transformed cell RNA was observed. These results suggest that although polyoma-and SV40-transformed cell RNA, when tested alone, saturated the same numerical amount of Syrian hamster DNA (4 to 5%), the same DNA sites are not functional in polyoma-and SV40-transformed cells. DISCUSSION Investigators studying viral oncogenesis at the molecular level have, thus far, focused their efforts on either the integration of the virus genome into host cell DNA (2, 3) or the presence of virus-specific RNA in transformed cell lines (1, 4, 15, 24) . The purpose of this paper has been to examine the effect of polyoma, SV40, or Adl2 DNA on the expression of the Syrian hamster genome in cells transformed by these agents. It has been previosuly shown that only a small fraction of the DNA from higher organisms is transcribed polyoma tumor RNA 2 '-. (26, 446 counts per min per jug) was performed as described in Fig. 4 . When the amount of32P-SV40 tumor RNA sufficient to saturate the available DNA sites was ascertained, 14 filters containing approximately 0.25 ,ug of immobilized 14C-Syrian hamster DNA were incubated with 1,800 ,ug ofthis RNA per ml and eluted at 68 C in the usual manner. Two filters were dried at this point and assayed for radioactivity. Two filters were added to 0.25 ml of 4X SSC and incubated for 20 hr at 68 C. The remaining 10 filters were then added to separate incubation tubes containing 0.25 ml of4X SSC and increasing amounts of randomly labeled 3H-polyoma-transformed (28,968 counts per min per lAg). After a 20-hr incubation at 68 C, the filters were washed, dried, and assayed for radioactivity. During the course of the second hybridization, only 3 to 4% of the 32P-SV40-transformed cell RNA from the first hybridization leaked off ofthe filter. In a similar experiment, increasing amounts ofrandomly labeled 3H-SV40-transformed cell RNA (25,400 counts per min per Mg) were added to filters containing saturating amounts of the 32P-SV40-transformed cell RNA. The results presented in this paper offer qualitative and quantitative answers to many of these questions. The important observations which will be discussed more fully below are (i) the presence of a viral DNA in a transformed cell does not significantly influence the proportion (5%) of the animal DNA which is normally transcribed; (ii) polyoma-and SV40-transformed cell RNAs were both distinguishable from Adl2-tiansformed cell RNA but not from each other in competition-hybridization experiments; (iii) polyoma-and SV40-transformed cell RNAs could be discriminated from each other under the selective pressure of additive saturation experiments. It should be mentioned that under the experimental conditions used in these studies, the nonrepetitive DNA sequences described by Britten and Kohne (9) may not react with the transformed cell RNA. What is being mainly examined are those RNA molecules present in great abundance reacting with the repeating families of DNA polynucleotide sequences.
It has been the major purpose of this communication to quantitatively assess gene activity in hamster cells transformed by oncogenic viruses. DNA-RNA saturation-hybridization reactions provide a tool for measuring DNA expression under a given set of biological conditions. Randomly labeled RNA, prepared from hamster cells transformed by polyoma, SV40, or Adl2, saturates about 5% of the Syrian hamster DNA (Fig. 3 to 5 ). This 5% value is similar to the one reported for L-cell RNA (25) . This level of DNA expression suggests that large regions of host cell DNA are not derepressed by the presence of a foreign viral DNA.
Qualitative differences among the RNA present present in animal cells can be demonstrated by competition-hybridization (23, 25) . The RNAs prepared from hamster cells transformed by Adl2, polyoma, and SV40 viruses, however, were indistinguishable by competition-hybridization when unenriched pulse-labeled transformed cell RNAs were used as indicators. Enrichment of the labeled RNA by a prior cycle of DNA-RNA hybridization permitted Adl2-transformed cell RNA to be discriminated from polyoma-and SV40-transformed cell RNAs (Fig. 2) . However, the competition-hybridization experiments performed with unenriched and enriched pulselabeled RNAs indicated that the types and amounts of hamster RNA present in cells transformed by polyoma and SV40 are indistinguishable.
Hamster cells transformed by polyoma and SV40 are distinguishable histologically and immunologically (5, 8, 19) . The inability of competition-hybridization experiments to discriminate among the RNAs isolated from these two transformed cell lines may reflect the presence of small amounts of unique RNAs in each preparation. These unique RNAs, if present in low relative abundance, would only be detected when a large excess of transformed cell RNA is examined. In the presence of saturating amounts of SV40-transformed cell RNA, additional DNA sites are still available to react with saturating amounts of polyoma-transformed cell RNA (Fig. 6) . The polyoma-transformed cell RNA reacting under these conditions represents a population of molecules unique to this cell.
A basic unanswered question underlying all studies involving transformed cells is the type of target cell originally transformed by each of these agents. One can now readily discriminate among the RNAs isolated from different organs of a given animal species by DNA-RNA hybridization (23) . It might be argued, therefore, that the small differences observed by competition-hybridization between polyoma-and Adl2-transformed cell RNAs merely reflect the fact that polyoma and Adl2 viruses each transform a distinct type of Syrian hamster cell. RNA prepared from these two transformed cell lines could be distinguished on the same basis that liver and kidney cell RNA can be differentiated. However, the competition-hybridization experiments performed with both unenriched and enriched pulselabeled RNAs did not discriminate between the RNA present in cells transformed by polyoma and SV40. The system could readily distinguish the RNA present in polyoma-and SV40-transformed cells from RNAs prepared from an Adl2-induced hamster tumor, hamster liver, and hamster kidney. These results indicate that only under the most stringent conditions of competitionhybridization can Adl2-transformed cell RNA be distitiguished from polyoma-and SV40-transformed cell RNAs. The latter two RNAs could only be discriminated from each other under the selective pressure of additive saturation-hybridization when unique RNAs present in low abundance can be detected. The difficulties encountered in attempting to differentiate among these three transformed cell RNAs make it unlikely that dissimilar types of Syrian hamster cells are transformed by these agents.
